Based on an endogenous growth model, we extent Roubini and Sala-i-Martin (1993) theoretical framework to analyse empirically the relationship between economic growth, announced tax rate and tax monitoring expenses using data from 32 OECD countries during the 1999-2007 period. Our results indicate that high announced tax rates above the elasticity of private capital and excess expenses on tax auditing as means of reducing tax evasion are not effective deepening rather recession.
Introduction
Since the seminal papers of Barro (1990) and Roubini and Sala-i-Martin (1995) it is recognized among researchers that taxation and tax evasion matter for economic growth. On the one hand, taxation distort the accumulation of private capital in the economy, while on the other it generates resources to finance the supply of the productive inputs provided by the government (i.e., public goods and infrastructure). Analyzing these competing effects, Barro (1990) suggested that the growth maximizing statutory tax rate set by the government, must be equal with the elasticity of private capital in the aggregate production function. As noted by Roubini and Sala-i-Martin (1995) , Barro's natural efficiency condition can be satisfied even in the presence of tax evasion as long as the effective tax rate, the tax rate actually collected by tax revenue services, is indeed equal with the the elasticity of private capital.
However, without disputing Barros' optimal taxation policy, empirical evidence in both developed and developing countries, suggest that in economies with high tax evasion rates there is also a great extent of fiscal corruption with serious consequences on the equity and efficiency of any economic system (e.g., Slemrod and Yitzhaki, 2002) . In these cases, simply increasing statutory tax rates to satisfy Barros' efficiency condition is not always appropriate.
Instead, governments combat tax evasion by allocating a share of collected tax revenues to monitor tax compliance in order to reduce fiscal corruption in the economy. It is evident therefore, that although tax evasion may leads to an erosion of tax revenues and a lower provision of public goods, the overall effect of tax evasion on capital formation and economic growth depends on the relative productivity of public and private capital goods and obviously on the magnitude of auditing costs allocated by central government.
Based on the relevant literature, we use a standard one-sector endogenous growth model in order to analyze empirically how the statutory tax rate and tax compliance policy affects the rate of economic growth using a panel data set from OECD countries during the 2000-07 period. The novel feature of our model is the inclusion of the tax evasion rate as a positive function of the announced tax rate and as a negative function of tax revenues allocated for tax auditing purposes. This feature introduces a trade-off between these two policy instruments concerning their growth-maximizing values, making the analysis of optimal tax policies an empirically interesting issue. In the next section the key features of our theoretical model are presented, followed by the data and econometric model used. Section 3 presents the most important empirical findings, while the last section concludes the paper.
Theoretical Model
Using Kafkalas et al., (2013) , we build on a standard endogenous growth model with public capital accumulation (e.g., Barro, 1990; Kalaitzidakis and Kalyvitis, 2004) , modified under the existence of tax evasion in the economy following Roubini and Sala-i-Martin (1995) . The government finances its total expenditures for public capital accumulation (G) through tax revenues collected by imposing a tax rate (τ ) on total output produced. The government announces a tax rate but individual firms pay taxes that correspond to a lower actual or effective tax rate denoted by τ e . At the same time government allocates a share of its budget for tax auditing purposes in order to improve tax compliance in the economy. The difference between the announced and the effective tax rate is the tax evasion rate, τ − τ e = h M T , τ , which is assumed to be a negative function of government expenditure allocated to tax monitoring as a percentage of total taxes collected,
M T
, and a positive function of the announced tax rate. Public expenditures for improving the technology and, thus, the efficiency of the tax collection mechanism may improve the ability of tax authorities to detect tax evaders and control tax evasion. On the other hand, the incentive for tax evasion may increase as the announced tax rate increases because, for a given state of tax monitoring, the marginal benefit of tax evasion increases. However, an increase in the announced tax rate leads to a smaller increase in the tax rate, so that the effective tax rate also increases.
Therefore tax evasion function satisfies the following monotonicity conditions:
Under the assumption of a balanced government budget,
where 
captures the positive effect of taxation on growth through higher public expenditure for public capital formation. Therefore, the long-run growth rate of the economy can be written as a general function of µ and τ e as:
Taxation affects the growth of the economy through two channels. It affects negatively the marginal product of private capital as it absorbs resources from the private sector of the economy, while on the other hand, government expenditures for public capital formation collected from tax receipts increases the productivity of labor. At low values of τ the positive effect of government expenditure dominates, and, hence, the growth rate of the economy rises with the tax rate. At higher tax rates, however, the negative impact of taxation eventually dominates, and the growth rate declines as τ rises. Given that τ e = τ − h(µ, τ ), it holds:
This result is similar to the typical finding obtained by standard endogenous growth models, which states that that the growth-maximizing announced tax rate has to be such that 1 For more details on model description along with its solution see Kafkalas et al., (2013) .
the effective tax rate is equal to the elasticity of public capital in the aggregate production function (i.e., Barro's natural efficiency condition).
On the other hand, the direct effect of tax monitoring expenses on aggregate output growth is negative, i.e., ∂gy ∂µ < 0. However, its indirect effect on growth, through its impact on the effective tax rate, can be easily shown that satisfies the following:
since the monotonicity conditions of the tax evasion function imply that ∂τ e ∂µ > 0, the sign of the above relation depends on relation (??).
Data and Econometric Model
According to relation (??), per capita growth rate,ĝ y , is affected non-linearly by both the effective tax rate and the share of tax revenues allocated to monitoring tax evasion. Further, we assume thatĝ y is also linearly related to: (a) the share of private investment to GDP, z = I/GDP , which has been shown to be a robust explanatory variable of GDP growth, and (b) the real per capita-lagged GDP, y t−1 , to capture any convergence process among countries. In order to take into account the unobserved heterogeneity arising from differences in tax burden and auditing mechanism across countries, we adopt a mixed fixed and random coefficients approach following Hsiao et al., (1989) and Hsiao et al., (1993) . First, we cluster countries using announced tax rate quartiles as differences on average tax burden and auditing mechanism may exhibit different marginal effects on per capita GDP growth rate. Next, we assume that responses to effective tax rate and monitoring expenses changes are groupspecific, whereas responses to private investments and real per capita-lagged GDP changes are fixed across countries in different quartiles. Under these assumptions, the econometric specification of the per capita growth equation has the following form:
where j denotes the announced tax rate quartiles, and
, and e it ∼ (0, σ 2 e ) being independent of each other and among themselves. The β s parameters along with the variance of the error components in (??) were estimated using the REML method.
However, according to (??) effective tax rate is directly related with the two policy variables τ and µ. Thus, we adopt a two-stages estimation procedure estimating first the following linearized version of the tax evasion function: 
whereas that of monitoring expenses from
with the first term being the direct and the second term the indirect effect, respectively.
For the econometric estimation of (??) and (??), we first need a proxy for the shadow economy in order to calculate tax evasion and effective tax rates. To do so, we adopt the recent study of Schneider et al., (2010) who provide an estimate for the shadow economy as a percentage of GDP for for a broad set of developed and developing countries around the world for the 1999-07 period. Their approach is based on a MIMIC estimation method that allows comparison across countries. Using these estimates and the GDP values for the same period, obtained from Penn World Tables Ver 7. 1, we calculated the size of the shadow economy in each country assuming that the economic activity in the underground economy is indeed tax evading. Then, using the average tax burden, that includes both income and indirect taxes published by OECD, we calculated tax revenues lost due to shadow economy.
This figure was added to actual tax receipts, also published by OECD, to obtain a measure of tax evasion and effective tax rate.
Unfortunately expenses on tax auditing and legal prosecution system against tax evaders are not directly available. . Surprisingly, the relation between the two policy variables is weak and there is no a clear pattern that emerges from our dataset. Contrary, calculated tax evasion rates are higher in countries with high announced tax rate confirming both Roubini and Sala-i-Martin (1995) and our model theoretical intuition on the monotonicity properties of the tax evasion function. In countries belonging to the first two quartiles of the announced tax rate, evasion was 1-2% lower than in those countries belonging to the last two quartiles.
In all Scandinavian countries with the highest average tax burden tax evasion exceeds 5.5% with Denmark, the country with the highest tax rate, the relevant figure being 8.42%.
However, in all eastern European countries tax evasion rates are higher besides the low tax rates occasionally, probably due to poor legislative framework against tax evaders. Finally, average per capita GDP growth rate was 5.76% during the 2000-07 period. The highest value is observed in the first and third quartile of the announced tax rate, while countries with the higher average tax burden exhibit the lowest growth rates, 4.99% on the average. Due to the transition period experienced by many eastern European countries at the beginning of 00's, per capita GDP growth rates have been extremely high (Estonia 12.31%, Russia 11.45%, Slovak Rep. 7.65% Czech Rep. 6.96%).
Empirical Results
Parameter estimates of both (??) and (??) are presented in Table ? ?. The overall fit of both econometric equations is satisfactory as the adjusted-R 2 is sufficiently large for a panel data setting. Starting from (??) and noting that (τ − τ e ), both parameters are statistically significant having the correct magnitude and sign as the announced tax rate increases tax evasion (0.1302), while monitoring expenses decrease willingness to evade taxes from individual firms (-0.1497). For per capita growth equation, the adjusted-R 2 is 0.796 while all parameter estimates are also statistical significant with the anticipated sign. One-period lagged GDP affects negative current GDP growth, while the share of private investments on GDP has a positive effect. Both results are in accordance with the relevant literature on endogenous growth models. The direct effect of tax monitoring expenses was found to be negative as tax auditing mechanism absorbs public expenditures from productive investments reducing thus, the growth rate in aggregate output (-0.3948). Finally, effective tax rate seems to have a non-monotonic effect on GDP growth as both the own and squared terms were found statistically significant with opposite sign (0.3403 and -0.5128, respectively). Table ? ? also reports the BLUPs of the random effects for each tax rate quartile. The majority of the random coefficient estimates were found to be statistically significant at least at the 10% level whereas their magnitudes were found to vary significantly across quartiles. Asymptotic standard errors were obtained using block resampling techniques (Politis and Romano, 1994) .
Using these parameter estimates we calculate the indirect marginal effect of tax auditing expenses (IM E µ ) and the direct marginal effect of announced tax rate (M E τ ) on per capita GDP growth for the OECD countries in the sample. The average values over years are presented for each country in Table ? ?, while Table ? ? shows the time pattern of the average marginal effects over countries per announced tax rate quartile. The results confirm theoretical findings presented in the previous section implying that the effect of statuary tax rate on GDP growth is indeed non-linear. Taxation affects the growth of the economy through two contradicting channels. One the one hand, it affects negative the marginal product of private capital decreasing private investments, while on the other government expenditures for public capital formation create an externality to the private sector of the economy. In the presence of tax evasion, the statutory tax rate and the share of public expenditures allocated to monitor tax evasion has to be such that the effective tax rate is equal to the elasticity of private capital. In some OECD countries in the sample this seems not to be the case being either below or above its optimal value.
In all Scandinavian countries, Japan, Israel and New Zealand, where statutory tax rate is the highest among all countries in the sample, (41.28% on average) its impact on per capita GDP growth is very low. In some cases it even turns to a negative value (Norway, Iceland, Sweden and Denmark). On average the marginal effect for countries belonging to the last quartile is negative, 0.0240, underlying the need to revise their tax policies. Contrary, in US, Korea, Netherlands, Germany and in some eastern European countries (Czech and Slovak
Rep, Poland and Estonia), with low statutory tax rates (24.6% on average) its impact on economic growth is the highest among all OECD countries (0.1261 on average). Slovak
Rep. and USA have the highest marginal effect, 0.1475 and 0.1456, respectively. Assuming that there are no significant differences in the productivity of public capital among OECD countries, this result is not surprising given the significant differences in the statutory tax rate among countries, confirming Barro's (1990) theoretical result also established in this paper using Roubini and Sala-i-Martin (1993) theoretical framework on tax evasion.
For the remaining countries belonging to the second and third tax rate quartiles, the average marginal effects are 0.0690 and 0.0463, respectively. It is worth noting though that in all European countries suffering most by the economic crisis (Greece, Portugal, Spain and Ireland), the marginal effects of the announced tax rate on per capita GDP growth rates are high due to their low statutory tax rates. Only for Italy and Belgium who have very high statutory tax rates and significant tax evasion problems the marginal effect is rather low, 0.0266 and 0.0222, respectively. The same applies for Russia who has the highest tax evasion problems among all OECD countries in the sample. Concerning the time trend of these point estimates, the results presented in Table ? ? imply that the marginal effect of announced tax rate is following an increasing trend in all countries until 2006 regardless the tax rate quartile. This is more evident in countries belonging to the first two tax rate quartiles. It seems that governments didn't adjusted optimally their tax policies towards equating statutory tax rate with the marginal productivity of public capital. However, after 2006 when financial crisis emerged, public policies were designed more carefully aimed to increase tax revenues and to sustain public deficits combined with increased GDP growth rates. There are of course exceptions mainly in eastern European countries and Russia where tax compliance has not been improved even after 2006.
Similarly, the indirect effect of tax auditing expenses, by improving tax compliance, on per capita GDP growth rates also follows the same negative trend per announced tax rate quartile. On average, an increase in tax auditing expenses will improve aggregate output growth rates only by 0.0094. In countries with low announced tax rates the effect of monitoring expenses is high following though a decreasing trend through tax rate quartiles.
In the Scandinavian countries with extremely high announced tax rates the indirect marginal effect also turns to negative values. Some countries have chosen to simply increase tax rates above the marginal productivity of public capital as means to attain high effective tax rates neglecting though that this creates an incentive for firms to further evade taxes. Table ? ? shows that it is rather stable. That seems rational as it is not easy the reallocation of public expenditures against tax evasion that also requires changes in the legislative framework in each country that cannot be made in the short-run. Given these average values and the parameter estimate of µ in (??), the total effect of tax monitoring expenses on per capita GDP growth turns to a negative values. It seems that, on the one hand, the direct effect dominates the total marginal effect (i.e., the net gains from the improvement of tax compliance does not offset the losses in public capital accumulation), while on the other the statutory tax rate was not set to extremely low value even in countries with a tax rate below its optimal value. Still though it follows a clear decreasing pattern across tax rate quartiles with the random coefficient for the first quartile to turn into a positive estimate.
Concluding Remarks
Using a standard endogenous growth model with public capital accumulation developed by Kafkalas et al., (2013) enriched with tax evasion following Roubini and Sala-i-Martin (1995) theoretical framework, we provide empirical evidence on the relationship between aggregate output growth, announced tax rate and tax monitoring expenses. Using a panel data set from 32 OECD countries during the 1999-07 period, we confirm Roubini and Sala-i-Martin (1995) intuition on the relationship between tax evasion, statutory tax rate and tax auditing expenses. Our results also indicate that Barro's (1990) natural efficiency condition of optimal taxation is violated in many OECD countries in the sample. Given that technolog-ical conditions are similar across countries in the sample, some governments have imposed statutory tax rates beyond their optimal values creating problems in the aggregate output growth. For some countries the effect of taxation turns to a negative value underlying the need to urgently revise their respective tax policies. At the same time some other countries have chosen to simply retain high announced tax rates as means of increasing tax revenues allocating a small share to monitor tax compliance. These findings are rather important in nowadays where economic recession is significantly affecting most of the OECD countries urging for increased tax revenues and sustainable public deficits. 
